We investigate isospin mixing effects in the asymmetry as obtained in parity-violating electron scattering for selected spherical nuclei ranging from 4 He to 208 Pb. The scattering analysis is developed within plane and distorted wave Born approximations (PWBA & DWBA) accounting for nucleon form factors. The nuclear targets are described by a relativistic model Lagrangian with density dependent couplings, including the σ , ω, ρ and δ mesons as well as the electromagnetic interaction. The δ meson effects are specially interesting as they should add a contribution for isospin mixing together with the electromagnetic and ρ meson fields. The system is solved in a Hartree approximation using a self-consistent calculation. We use two different parametrizations, one including the δ meson and another one in which it is not included. In this way, the effects of the inclusion of that meson can be inferred.
Introduction
Parity Violating Electron Scattering (PVE) is a unique technique for separating the effects of the weak and the electromagnetic interactions between high energy projectiles and hadronic targets. In fact, the combination of polarized and non polarized electron beams can make that separation in a model independent way. This is possible since the electromagnetic interaction is independent of the polarization state of the incident particle, which is not the case for the weak interaction. In this way, we can define the asymmetry A as the ratio between the difference and the sum of the scattering cross-sections for beams with positive and negative polarizations.
For nuclei with an even number of protons (Z) and neutrons (N) in a Plane Wave Born Approximation (PWBA), the asymmetry has the form [1] A ∝ sin 2 
The terms R T =0 V and R 0 V are radiative corrections for the Standard Model and θ W is the Weinberg angle. The term Γ(q) accounts for the isospin mixing, i.e., contributions related to differences between proton and neutron distributions in the nucleus. Finally, G s E /G 0 E represents the ratio of the nucleon strangeness form factor to the nucleon isoscalar form factor.
While the nuclei properties for low momentum transfer are satisfactorily explained using u and d quarks, for higher momentum transfer, excitations like the creation of quark-antiquark pairs may happen. Those particle-antiparticle pairs may give rise to significant effects in the interactions between the probe and the nucleons. The lower mass of the s quark, when compared with c, b and t quarks, should imply in a dominant presence of ss pairs, which originates the strangeness form factor G s . In an attempt to determine this form factor, measurements have been made using 1 H and 4 He targets [2, 3] .
When interactions that differentiate protons from neutrons are not taken into account for N = Z nuclei and the radiative corrections as well as the strangeness content are disregarded, the asymmetry is directly related to sin 2 θ W and can be used as a test of the Standard Model. Experiments using 12 C with this goal are already completed [4] and new ones using 1 H targets are in progress [5] .
However, the presence of the electromagnetic interaction makes the isospin symmetry only an approximation, and a good understanding of the isospin mixing Γ(q) is very important in order to correctly analyze the asymmetry measurements.
We shall be concerned here mainly with the effects of isospin mixing, based on a relativistic model for the nucleus, while ignoring any effects due to strangeness content or corrections originating from higher approximations in the Standard Model. Furthermore, only spherical nuclei in their ground states are considered. An important consequence of that isospin mixing is the relation between the asymmetry and the so called neutron skin, whose measurement is now under way for 208 Pb. We also present results using our approach for this and other closed-shell nuclei.
Nuclear Model
The model chosen for the nuclear interactions is based on Walecka's Model [6] . The interactions include the exchange of σ (scalar), ω (vector), ρ (isovector) and δ (isoscalar) mesons and the electromagnetic interaction. We start from a realistic Lagrangian which contains density dependent couplings (DD)
with
The Dirac and Klein-Gordon equations of motion obtained from the Euler-Lagrange equation for nucleons and mesons, respectively, are solved in a mean-field approach. Furthermore, we will consider only the static and spherically symmetric case. The resulting equations are then solved self-consistently using an oscillator basis expansion.
Symmetry Energy & Nuclear Properties
In our analysis, we use two parameters sets: one in which the δ meson is not included -given by the TW parametrization [7] -and another in which it is included. The addition of the δ meson using the so called DDHδ [8] parametrization, which we have used in the past [9] , does not reproduce the symmetry energy inside of the widely accepted range of 28 to 36 MeV . As is well known, a strong correlation has been established between the symmetry energy at saturation density and the neutron skin (see for instance reference [10] ), making the correct reproduction of that property a very important feature in our analysis. For this reason, we seek a new set of parameters of the DDHδ type, modified to better reproduce the binding energy and root mean square charge radius of spherical nuclei between 16 O and 208 Pb. As shown below, that new parameter set (DDHδ 1 ) gives us a more reliable symmetry energy value and so a more confident result for the neutron skin and asymmetries.
In Table 1 we display our symmetric nuclear matter results at the saturation point for TW, DDHδ and DDHδ 1 . We emphasize that this last set was generated by fitting the binding energy and charge radius of spherical nuclei across the entire periodic table. In Table 2 , binding energy, proton and neutron radius are shown for 12 C and 208 Pb. The first one is also included due to practical interest, once previous calculations and measurements of the asymmetry has been done for this nucleus. Finally, in Table 3 we show the neutron skin values obtained for all nuclei considered in this work.
In the mean-field calculation used to obtain the nuclear densities, the nucleons are taken as point-like. In order to account for their finiteness a correction should be made using nucleon form factors. Moreover, mean-field techniques do not take in to account the center-of-mass (CM) motion TW [7] Table 3 : Results for neutron skin calculated from corrected proton and neutron radii.
properly, so a harmonic oscillator correction is used as an approximation. Those corrections are written in a simpler way in momentum transfer (q) space and are given by:
where ρ i (q) is the point-like nucleon density (i = p, n), F CM (q) = exp(q 2 b 2 /4A) and the nucleon form factors F i (q) are given by the the Galster parametrization [1] . For the proton density, we employ the Dirac F 1 nucleon electromagnetic form factor, while for the neutron density the neutral currentF 1 form factor is used.
Asymmetry
The asymmetry can be defined in terms of the electron-nucleus cross-sections as
where dσ + /dΩ and dσ − /dΩ stands for positive and negative helicity cross-sections. Evaluating this expression in a plane wave approximation (PWBA), the asymmetry takes a remarkably simple form: where the currents J 0 (q) and J v * 0 (q) stands for the electromagnetic and neutral currents, respectively, in q space and can be written in terms of the densities ρ i (q). G represents the Fermi constant for the weak force and b is a characteristic electron weak interaction constant. These currents are then corrected by the nucleon form factors and approximate CM form factor. The calculation in the distorted wave approximation (DWBA), on the other hand, is performed by expanding the scattered electron wave functions in partial waves and solving numerically to obtain the cross-sections and the asymmetries. The inputs for those more involved calculations are the charge and weak neutral distributions, which also are corrected by CM and nucleon form factors. The results for the DWBA case are shown in Figure 4 .
Conclusions
Relativistic models for the nucleus are know to give large values for the neutron skin, as compared to non-relativistic model calculations [13] and to the experimental values, even when the present large error bars are taken into account. In this sense, we seek to introduce the δ meson as it is expected to reduce the difference between proton and neutron radii distributions, consequently reducing the neutron skin. However, as there is a strong correlation between the neutron skin and the symmetry energy, we need a parametrization that produces credible results for this property.
The preliminary results obtained with the DDHδ 1 parametrization that we propose seems to produce results within the well accepted range for the main nuclear properties, including the symmetry energy. Moreover, the expected effect of the δ meson is observed, that is, a small but systematic decrease in the thickness of the neutron skin. In particular, for the 208 Pb case, our DDHδ 1 parametrization gives results close to the TW one for the energy and charge radius, but with still important differences for the skin, revealing the effect of the δ meson. As a one digit per cent ex-perimental error was initially expected from the PREX experiment, this could be a non-negligible effect [14] .
As for the asymmetry, we may conclude that our results using a Relativistic Mean Field model show that, even for N = Z nuclei, the isospin symmetry breaking has a noticeable effect, which can not be disregarded if we want to use PVE to extract precision information from the Standard Model and of the strangeness in nuclei. A closer investigation of the effects of that symmetry breaking on the strange form factor term of the asymmetry is now under way.
